INTRODUCTION
www.e-arm.org production [4, 5] and power outputs [6, 7] . This reduced muscle force has been attributed to changes in musculotendinous stiffness [4, 8] and impaired neural output [5, 9] . Therefore, these alterations in muscle force production may affect postural balance response because balance requires muscle force to maintain the center of gravity within the base of support [10] . A number of studies have found that static stretching can decrease balance [11, 12] , and reduced balance may be predicted to increase the risk of falling, thus affecting quality of life in that balance is a prerequisite for activities of daily living [13] .
Falling is a serious problem, particularly in middle aged and older adult populations [14] ; in the United States, falls are the main cause of injury-related hospital admissions and death associated with aging [14] . The aging process results in reduced afferent sensory information, which is necessary for producing muscle force and maintaining postural balance. Therefore, improving sensory information can help in maintaining upright posture and can also prevent falling [15] . For example, Vaillant et al. [15] reported that massage can improve postural balance by increasing somatosensory information in elderly adults. However, other evidence suggests that massage causes a decline in muscle force [15] . In this connection, Goodwin [16] demonstrated that massage can decrease vertical jump performance and suggested that this result could be attributed to reduced muscle stiffness and impaired neural output.
The results available so far regarding the effects of stretching on postural balance raise the question of whether or not the use of a therapeutic intervention after stretching can modify balance parameters. Thus, the aims of this study were first to evaluate the effects of stretching and a combined intervention (stretching and massage) on postural balance with eyes closed and open in people aged 50 to 65 years and second to compare the effects of these two interventions with each other on postural control.
MATERIALS AND METHODS

Participants
Twenty-three adults aged 50 to 65 years participated in this quasi-experimental study through nonrandomized sampling; written informed consent was obtained from each patient prior to his or her participation. The study was approved by the Research Ethics Committee of Shiraz University of Medical Sciences. The exclusion criteria were low back pain, alcohol intake within 24 hours of testing, history of surgery in the lower extremities, vestibular dysfunction (with physician diagnosis) or balance disorder (such as ankle instability), and history of neurological disorder.
Procedure
In order to measure postural balance, the participants stood barefoot on a force platform (Kistler Instrument, Winterthur, Switzerland) set at a sample rate of 100 Hz in a neutral position (feet abducted at 10 o , heels separated by 10 cm), and they were asked to sway as little as possible. The tests were done in three conditions (no intervention, stretching, and combined intervention) with eyes open and closed on the force platform. Each test (30-second duration) was repeated three times with 10-second rests between the trials.
The participants received both static stretching alone and the combined intervention (stretching and deep stroking massage) in random order on the same day. In order to stretch the plantar flexor muscles of both lower extremities, the participants were asked to sit on a specially built device that caused static dorsiflexion of about 20 o (Fig. 1) . The stretching position was applied to the participant's discomfort threshold and maintained for 45 seconds. It was repeated three times, with a 30-second recovery period between cycles. In the combined intervention protocol, both muscle stretching and deep stroking massage were used for each participant in random order. The massage involved slow, rhythmic, deep stroking of both plantar flexor muscles www.e-arm.org for 8 minutes while the participant was lying prone on a standard treatment table. An expert physiotherapist performed the massage with oil for all participants. To avoid carry-over effects, an interval of at least 30 minutes separated every two interventions; this duration was selected based on the results of a pilot study.
Data analysis
The raw data were exported to Visual 3D software (CMotion Inc., Rockville, MD, USA) and filtered using a fourth-order Butterworth low-pass filter with a cut-off frequency of 12 Hz; 30 seconds of data were recorded for each test. The center of pressure (COP) displacement and velocity along the mediolateral and anteroposterior axes were calculated to evaluate postural balance parameters.
Statistical analysis
The Statistical Package for the Social Sciences ver. 16 .0 (SPSS Inc., Chicago, IL, USA) was used to analyze the data. Data normality was tested with the KolmogorovSmirnov test (p>0.05), and multiple-pair t-tests were used for statistical evaluation. Significance was set at p<0.05.
RESULTS
The results of this study demonstrated that there was a significant difference in mean mediolateral COP displacement and velocity after static stretching and the www.e-arm.org
combined intervention when participants were tested with their eyes closed ( Tables 1, 2 ). In other words, mediolateral COP displacement and velocity increased after both stretching and the combined interventions. Moreover, the displacement and velocity were greater after the combined intervention than after stretching alone (Table 3) .
DISCUSSION
The results showed that mediolateral postural sway increased significantly after stretching when participants were tested with their eyes closed. This was consistent with earlier findings by Nagano et al. [12] , who evaluated the effects of plantar flexor muscle stretching for 3 minutes on postural sway during quiet standing; participants stood barefoot on a force plate and were asked to sway as little as possible, and the results showed that static stretching of the plantar flexor muscles can increase postural sway. Behm et al. [11] investigated the effects of static stretching of the quadriceps, hamstrings, and plantar flexors on balance control. This study's subjects were tested with a computerized wobble board before and after static stretching, and the results showed that balance control was impaired after an acute bout of static stretching. The findings of these two studies demonstrate that stretching has an adverse effect on balance.
In this connection, a number of studies have noted that passive stretching may inhibit normal performance by reducing muscle power output and muscle force [4] [5] [6] [7] . Two primary hypotheses have been proposed to explain these decreases: mechanical factors such as changes in muscle stiffness and neural factors such as decreased motor unit activation or firing frequency or altered reflex sensitivity [8, 17] .
Passive stretching induces decreased musculotendinous unit (MTU) stiffness and increased MTU length, and these alterations may affect discharges from the muscle spindle and Golgi tendon organ (GTO) to maintain postural balance. Detecting and monitoring muscle tension with the GTO may be delayed because of the increased electromechanical delay in the series elastic component of force production. In addition, reduced excitatory drive from the Ia afferents due to increased MTU compliance can decrease excitation of the motor neuron pool and thus affect postural balance [5, 12] .
We found a significant difference in mean mediolateral COP displacement and velocity after the combined intervention when participants were tested with their eyes closed; in addition, the displacement and velocity differed significantly between the stretching alone and the combined intervention conditions. Deep stroking massage appeared to have a negative impact on postural balance because the combined intervention had more adverse effects on balance than did stretching alone. This finding is inconsistent with the results of previous studies, according to which friction massage and mobilization of the feet and ankles improved postural balance by stimulating local skin receptors and increasing somatosensory information [15, 18] . The probable cause of the discrepancies between studies lies in the different types of massage used and the magnitudes of contact pressure.
A number of studies suggest that massage reduces mus- www.e-arm.org cle stiffness and lengthens the massaged muscles [19] , and according to the length-tension relationship, when the skeletal muscle is lengthened, the number of actin/ myosin cross-bridges declines, resulting in reduced force output without corresponding reduced neural activation [19] . Our results suggest that the effect of massage is similar to that of stretching. Accordingly, the combination of massage with stretching may result in greater muscle lengthening than stretching alone, leading to a greater loss of muscle force and consequently greater impairment in postural balance [19] .
Although stretching was applied in the anteroposterior direction, the changes in postural balance parameters were not statistically significant in this plane. This finding can be attributed to the age-related reduction in dorsiflexion ROM. It has been stated that the aging process results in reduced ROM in all joints and that dorsiflexion ROM undergoes the greatest decrease during aging [20] . The human body uses various strategies to control balance. The body is a closed biomechanical chain, so both its proximal and distal parts help to fine-tune the location of the center of mass in the base of support [21] . If ankle ROM is decreased, other joints must compensate for the alteration to avoid motion deviations [21] . Decreased ankle dorsiflexion ROM appears to be accompanied by greater knee motion in the frontal plane [22] . Therefore, it can be considered that the increased sway in the mediolateral direction may be due to a compensatory mechanism in a closed kinetic chain of the human body in response to decreased ankle ROM and fatigue in the sagittal plane.
In contrast, the greater mediolateral postural sway compared with anteroposterior sway could be attributed to probable gluteus medius muscle weakness that occurs with aging. Serratrice et al. [23] reported progressive muscular weakening in the pelvic and shoulder girdles with less distal muscle involvement in older adults; these authors noted that symptoms of myopathic disease could be seen in the proximal muscles with aging. In the current experiment, we did not measure gluteus medius muscle force, and this is a potential limitation of our study.
The increase in postural sway when the participants kept their eyes closed was statistically significant. This finding is consistent with the well-documented phenomenon of improved balance control with visual input [24] .
It has been stated that postural balance involves multiple sensory systems: visual, vestibular and somatosensory [13] . Other studies have also confirmed vision as an important part of postural balance [12] ; therefore, it is unsurprising that balance was impaired when the participants' vision was removed.
A number of limitations in the present study deserve mention. Firstly, we did not measure pelvic girdle muscle strength. Secondly, we measured the immediate effects of one session of therapeutic intervention on postural balance, and the immediate influence of a single intervention should not be compared with the long-term effects of prolonged interventions. Therefore, additional well-designed controlled trials with a larger number of participants are needed to judge whether or not the interventions we compared compromise postural stability. Thirdly, we did not evaluate the clinical relevance of the results.
In conclusion, plantar flexor muscle stretching (for 45 seconds) combined with deep stroking massage may have more detrimental effects on postural balance than stretching alone because each can intensify the effects of the other. Therefore, these therapeutic interventions can be a probable risk factor for falling during the aging process.
CONFLICT OF INTEREST
No potential conflict of interest relevant to this article was reported.
